Introduction
Acute HIV infection is characterized by very high levels of circulating HIV in blood and genital secretions [1] . Studies [1] [2] [3] [4] [5] have shown that the risk of transmitting HIV to others during acute HIV infection is several fold higher than the risk during subsequent established HIV infection. Although most patients with acute HIV infection will develop a 'flu-like' acute retroviral syndrome, the majority will not be recognized as being acutely HIV-infected either because they do not seek medical care or because, when they do access care, their symptoms do not trigger an evaluation for HIV infection [6] [7] [8] . It has been estimated that up to 50% of all new HIV infections may be due to transmission from individuals with acute HIV infection [2] . Given the impact of acute HIV infection on the spread of the disease and the infrequency with which it is identified, recognizing acute HIV infection is a critical missed opportunity for public health intervention to prevent HIV transmission.
Standard HIV antibody tests commonly fail to identify acute HIV infection, and the laboratory testing needed to detect acute HIV is complex and costly. Typically, acute HIV infection is identified by a combination of tests, including one to identify HIV RNA, DNA, or antigens, and a second to confirm that a robust antibody response has not yet developed [9] [10] [11] [12] . This system requires an intact cold chain for sample storage, which is not feasible in many developing world settings. Clinical identification of acute HIV infection is also challenging, given that many of the presenting signs and symptoms such as fever, rash, arthralgias, and malaise are nonspecific and may be wrongly attributed to other diagnoses, including malaria [13, 14] .
In many parts of the world most affected by HIV, malaria is also endemic. In sub-Saharan Africa, where the majority of the world's HIV infections occur, more than 300 million cases of malaria are diagnosed each year [15, 16] . Moreover, in sub-Saharan Africa, acute febrile syndromes are routinely diagnosed as malaria (often without laboratory confirmation) and account for 30-50% of all outpatient visits [17] [18] [19] . Given the significant overlap of symptoms between acute HIV and malaria, patients presenting to health centers in sub-Saharan Africa with acute HIV infection may initially be suspected of malaria. Thus, it may be possible to identify acute HIV infection in patients seeking outpatient care for febrile illnesses thought to be malaria. In this study, we evaluated the prevalence of acute, early, and established HIV infections among patients suspected to have malaria in government health clinics in rural Uganda.
Methods

Study sites and patient population
This study was conducted at seven government health clinics representing the diversity of malaria transmission intensity and HIV prevalence in Uganda ( Fig. 1 ). Six of seven sites were level IV health clinics, mainly serving the local community, in which outpatients were primarily evaluated by nonphysician health workers and at least one microscopist was available. One site (Kabale) was a regional referral hospital staffed by physicians. Services at these government-sponsored clinics were provided free of charge.
We used a cross-sectional design to prospectively screen 1000 consecutive patients (of any age) at each site who were referred by providers to on-site laboratories for malaria blood smears over 1-2 months in 2006/2007. Study staff did not impact upon patient referral, diagnosis, or management. We collected data on patient age and sex at the time of presentation, and finger-prick blood was used for malaria blood smears and blotted onto filter paper.
Microscopy
Thick blood smears were stained with 10% giemsa for 10 min. Smears were considered positive for malaria if any asexual parasites were detected and negative if examination of 100 high-power fields did not reveal asexual parasites. Initial readings were done by on-site microscopists. Final microscopy results were derived after rereading of all smears by an expert microscopist and resolution of any discrepancies by an additional expert microscopist.
Identification and staging of acute, early, and established HIV infection
We used well accepted methodology to identify and stage acute and early HIV infections [20] , based on the following assays, which were adapted for use on dried blood: HIV-1 RNA nucleic acid amplification, HIV antibody immunoassay, HIV antibody western blot, and the Calypte HIV-1 BED Incidence enzyme immunoassay (EIA) (Calypte Biomedical, Portland, Oregon, USA) [21] . Using this methodology, acute HIV infection was defined as the period of roughly 3 weeks in which patients with acute HIV infection exhibit detectable HIV-1 RNA but negative or indeterminate results on antibody immunoassay and western blot [20, 22] . For those patients who had already developed HIV-specific antibody responses as measured by positive results on antibody immunoassay, qualitative antibody response was used to differentiate early from established HIV infection. Immature antibody responses to HIV, including absence of the p31 band on western blot [20] and a low ratio of HIV-specific immunoglobulin (Ig)G to total IgG, as measured by a Calypte HIV-1 BED Incidence EIA (Calypte Biomedical) ratio less than 0.4 ([23,24], Parekh B, personal communication) have been associated with having infection of less than 4-month duration, and BED ratios less than 0.8 can indicate infection less than 12-month duration. These immature antibody responses were classified as early HIV infection.
Thus, on the basis of this methodology, we defined acute HIV infection as HIV-1 RNA positive with a negative or indeterminate HIV-1 western blot pattern. We defined early HIV infection as HIV-1 RNA positive with a positive HIV-1 western blot pattern, but with a BED-corrected optical density (OD) of less than 0.8 or absence of the p31 band on western blot. We defined established HIV as HIV-1 DNA or RNA positive with a BED OD of at least 0.8 and positive western blot.
HIV antibody testing
Dried blood spots were collected on Whatman 3M filter paper, stored individually at room temperature, and transported to our molecular research laboratory at the University of California San Francisco for HIV testing. Screening for HIV infection was done using the Murex HIV 1.2.0 EIA (Abbott Laboratories, Abbott Park, Illinois, USA), a third-generation (IgM-sensitive) EIA, according to the manufacturer's instructions. Briefly, dried blood spots were eluted using 100 ml phosphate-buffered saline with 0.05% Tween 20 in 1.5 ml tubes at 48C for at least 3 h. Samples with a corrected OD of less than 0.2 at 450 nm were considered HIV negative.
HIV-1 DNA and RNA detection
Confirmatory testing of antibody-positive specimens for HIV-1 DNA was performed using the Roche Amplicor HIV-1 DNA test (Roche Systems, Basel, Switzerland). HIV DNA was extracted from samples using chelex resin [25] , and testing was performed according to the manufacturer's instructions as previously described [26] .
Qualitative HIV RNA testing was performed by targetcapture transcript-mediated amplification (TC-TMA) using the APTIMA HIV-1 Assay (Procleix dHIV blood screening assay; Gen-Probe Incorporated, San Diego, California, USA); rated limit of detection above 100 copies/ ml for fresh or frozen blood/plasma samples. The Gen-Probe APTIMA nucleic acid probe test (NAT) assay was validated for screening pooled dried blood spots by replicate testing of nine HIV-negative dried blood spots with one known (or spiked) HIV-positive dried blood spot. Assay sensitivity on dried blood spots was assessed by spiking panels with HIV-1 from tissue culture supernatant of cells infected with HIV-1 subtype B [27] , which was quantitated using a validated, TMA-based HIV-1 assay calibrated against the Virology Quality Assurance Laboratory standard (Virology Quality Assurance Laboratory, Rush-Presbyterian St. Luke's Medical Center, Chicago, Illinois, USA). No decrement in analytical sensitivity was observed when samples were pooled 9 : 1 compared with nonpooled samples [27] . From these studies, the threshold for detection of HIV viral load by pooled dried blood spot screening was inferred to be approximately 10 000 copies/ml. All EIA-negative, EIA-positive but western blot-negative or indeterminate and EIA-positive but DNA-negative samples were pooled for RNA detection by TMA. Ten individual 6-mm dried blood spot punches were eluted simultaneously with 0.8 ml dilution-elution buffer, the manufacturer-provided proprietary lysis buffer solution. Tubes were eluted at 958C for 20 min, and 0.6 ml eluate was transferred to a clean tube, frozen, and shipped to Blood Systems Laboratory for HIV TC-TMA. For reactive pools, additional 6-mm punches from each dried blood spot were repeatedly tested individually, using 0.6 ml buffer for initial elution. Samples tested positive in both pooled and individual testing were classified as HIV RNA positive.
Western blot confirmation All samples tested HIV positive by DNA or RNA nucleic acid amplification testing were subjected to western blot confirmation using an assay validated and Food and Drug Administration approved for dried blood spots (Genetic Systems HIV-1 Western Blot; Bio-Rad Laboratories, Redmond, Washington, USA). Samples were classified as western blot-positive if two of the following three HIV-1-specific bands were detectable: p24, glycoprotein (gp) 120/160, gp41, or all. Samples were classified as western blot-negative, if no bands were visible. Samples were classified as having an indeterminate western blot pattern, if one HIV-1-specific band was visible. Samples were classified as p31-negative, if the p31 HIV-1-specific band was absent or of less than 1þ intensity, but all other HIV-1-specific bands were present.
HIV BED testing
Early HIV infection was identified by testing HIV EIAreactive samples with the Calypte HIV-1 BED Incidence EIA (Calypte Biomedical), a de-tuned EIA utilizing the HIV-specific IgG to total sample IgG ratio to detect early HIV infection, according to the manufacturer's instructions. Samples were classified as early HIV infection, if the BED-corrected OD on triplicate testing was less than 0.8.
Ethical approval
Human participants research approval was obtained from the Uganda National Council of Science and Technology, the Makerere University Research and Ethics Committee, and the University of California, San Francisco Committee on Human Research. All results were delinked from patient identifiers and anonymized.
Data management and statistical analysis
Data were double entered into EpiInfo version 6.4 (Centers for Disease Control and Prevention, Atlanta, Georgia, USA) and statistical analyses were performed using STATA version 8 (Stata, College Station, Texas, USA). Categorical variables were compared using the x 2 test. Independent predictors of acute HIV infection were identified using multivariate logistic regression models.
Results
Patient characteristics
We evaluated 1000 consecutive patients of all ages who presented to each of seven rural clinics ( Fig. 1 ) and were referred for malaria blood smears. Of these 7000 patients, 2893 (41%) were adults aged 13 years or older; only these adults were included in this study (Table 1) . A majority of adult patients were female, with the proportions ranging from 65 to 75% at different sites, consistent with known disproportionate representation of females seeking healthcare in rural Uganda. Mean age of those above 13 years ranged from 27 to 32 years. Among the 2893 adults studied, 494 (17%) had blood smears positive for malaria parasites, with the proportion of positive smears varying greatly by site (3.4-30%). A total of 324 adults 1948 AIDS 2010, Vol 24 No 12 (11.2%) were HIV infected. HIV prevalence in adults varied markedly between sites, from 1.4 to 16.9% (Fig. 2) .
Prevalence of acute and early HIV infection
Among 324 adults determined to be HIV positive, 238 were classified as having established HIV infection ( Table 3) .
Predictors of acute and early HIV infection
The prevalence of acute and early HIV infection varied by site, ranging from 0.5 to 6.0% of all adult patients (Fig. 2 
Discussion
In this cross-sectional study conducted at rural government health clinics in Uganda, acute HIV infection was found to be highly prevalent, with 1.0% of symptomatic patients initially suspected of malaria found to have HIV RNA and serology consistent with acute HIV infection. These patients presented to clinicians with signs, symptoms, and clinical history consistent with malaria, triggering a laboratory evaluation for that infection, but not consideration for acute HIV infection. Indeed, at the three study sites with the highest HIV prevalence, 4-6% of adults with suspected malaria met criteria for acute HIV infection. This range of acute HIV infection prevalence among patients not typically suspected of this diagnosis was surprisingly high, highlighting the need to increase recognition of acute HIV infection in Africa.
Our findings suggest that it may be possible to identify large number of Africans with acute and early HIV infection by focusing on the evaluation of patients presenting to clinics with acute febrile illnesses. This approach would have significant implications for HIV prevention, as acute HIV is highly infectious [2, 4, 10] . A third or more of all sex partners may become infected following contact with individuals with acute HIV infection [3, 5] , and many of these infections may be preventable. Steward et al. [28] found that patients with acute HIV infection reduced their HIV transmission risk behavior by 98% in the 8 weeks following acute HIV diagnosis, when compared with the 8 weeks prior to diagnosis. Previous calls for expanded acute HIV prevention [29] have been criticized on the basis that identifying acute infection is too difficult, amounting to searching for 'a needle in a haystack' [30] . Our results suggest, to the contrary, that there may be significant potential for acute HIV identification and intervention in Ugandan general medical settings. The potential for frequent identification of acute HIV infection further suggests an opportunity to find HIV-serodiscordant couples in whom transmission to the uninfected partner has yet to occur, a situation in which behavioral interventions have been shown to be effective in reducing HIV transmission [31] .
The results of this study are subject to several limitations. Identifying acute and early HIV infection through crosssectional analysis can lead to misclassification. For instance, our methods may have underestimated the true prevalence of acute HIV infections in our population due to the use of dried blood spots and the pooling techniques, which may not detect some acutely infected patients with low-level viremia. However, we employed multiple, highly sensitive NAT and serologic tests in our research algorithm to distinguish acute from nonacute infections. Identification of antibody-positive HIV infections as early infections can also be problematic: the BED assay used in the study has been shown to occasionally misclassify patients with late-stage HIV infection as having early HIV, and the test's performance characteristics vary depending on HIV subtype [32, 33] . For this study, we applied a more stringent BED OD cutoff than is commonly used for surveillance purposes in order to increase the specificity of the assay for early HIV infection cases. Improved methods may be necessary in order to demonstrate the true proportion of antibodypositive early HIV infections in our testing population. Ideally in a cohort setting, follow-up serological testing would be used to confirm evolving HIV infection.
An additional practical concern in identifying acute HIV infections in sub-Saharan Africa is the complexity and resource-intensive nature of the serologic testing employed in this study. In this paper, we describe a new method of acute HIV detection using RNA in pooled dried blood spots. The use of dried blood spots collected on filter paper is highly feasible in the developing world setting. However, the nucleic acid amplification testing performed for this study required a central laboratory with specialized equipment and skills and may not be applicable to real-time detection of acute HIV cases. However, we expect that the new methods described here will be useful in further research studies and in confirming clinical cases in areas lacking a cold chain for sample storage and transport, including much of the developing world. Of note is the recent development of simple rapid diagnostic tests for HIV antigen detection [34] and portable laboratory devices for nucleic acid amplification [35] that may bridge the diagnostic technology gap, bringing acute HIV testing to the point-of-care.
The findings of this study may not be generalizable to all medical clinics, in Uganda or elsewhere. The study was limited to patients who had blood drawn for malaria testing and provided no HIV testing information on febrile patients not referred for malaria testing. However, the patients included in this study are typical of those evaluated for malaria at community health centers, and this limitation is mitigated by the diversity of the clinic sites, large number of patients studied, and large number of acute and early HIV infections identified. Given the conservative case-finding definitions employed in this study, these results may be considered a lower bound of what is feasible in terms of acute HIV case finding.
Conclusion
Our results show how important synergies could be achieved by coordinating malaria and HIV control strategies in sub-Saharan Africa. For both diseases, case finding and treatment are key strategies in reducing transmission. Thus, medical settings providing routine primary care, and typically focusing on diagnosis and management of malaria, may be ideal sites for expanded point-of-care HIV testing and counseling in sub-Saharan Africa. With the arrival of reliable diagnostics capable of 1950 AIDS 2010, Vol 24 No 12 Classification criteria for each stage of infection are enumerated in Table 2 .
identifying acute HIV infections at the point-of-care, screening of populations suspected to have malaria could identify significant numbers of acutely HIV-infected persons. These individuals could then be provided pharmacologic, behavioral, or both interventions to reduce HIV transmission. Institution of such a strategy in areas that are endemic for malaria could represent a major opportunity for global HIV prevention.
